Abstract. miRNAs are small, non-coding RNAs that play important roles in various biological processes. The aims of our study were to investigate whether cell-free miRNAs can be measured in urine samples and might be an accurate biomarker of bladder cancer. Datasets of GSE20418 and GSE19717 were used for analysis, and two miRNAs, miR-145 and miR-200a, were selected for study. A total of 207 patients with primary transitional cell carcinoma of the urinary bladder and 144 healthy normal controls were enrolled. Using quantitative PCR, the levels of miR-145 and miR-200a in urine were measured and compared with the clinicopathological features of bladder cancer. According to our experiments, cell-free miRNAs were present in urine and were stable. Assessment of miR-145 levels was able to distinguish bladder cancer patients from non-cancer controls (77.8% sensitivity and 61.1% specificity for NMIBC, AUC 0.729; 84.1 and 61.1% for MIBC, respectively, AUC 0.790) and showed good correlation with grade (p=0.048). In addition, miR-200a was shown to be an independent predictor of NMIBC recurrence by multivariate analysis (OR 0.449, p=0.013). A higher risk of recurrence was observed among patients with a lower miR-200a level compared to patients with higher miR-200a levels (log-rank test, p=0.040). Urinary cell-free miRNAs show promise as noninvasive biomarkers for diagnosis and recurrence of bladder cancer.
Introduction
Surveillance strategies for bladder cancer recurrence have historically relied on the diagnostic combination of cystoscopy and urinary cytology. However, the cystoscopic approach is costly, invasive and uncomfortable. Urinary cytology is a preferable technique for the diagnosis of bladder tumors because of its high specificity; however, it has low sensitivity. For these reasons, many new urine-based tests for urinary bladder cancer have been developed, and screens for bladder tumor antigen (BTA), nuclear matrix protein 22 (NMP22), urine fibrin fibrinogen degradation products (FDP), ImmunoCyt and FISH (UroVysion) have all been approved for clinical use (1, 2) . However, the specificities of these new urine markers are low in comparison with urinary cytology, although they have higher sensitivities. Thus, none of the currently identified urine markers can replace cystoscopy or urinary cytology (3) . miRNAs are small, nonprotein-coding RNA regulators involved in numerous biological and developmental processes (4, 5) . Cumulative evidence suggests that the dysregulation of miRNA plays an important role in many human disorders, including cancer. Approximately 50% of human miRNAs are encoded in genomic regions that are frequently altered in cancer (6) (7) (8) . Recently, miRNAs have emerged as highly tissue-specific biomarkers with potential clinical applicability, not only as diagnostic markers but also as prognostic predictors for numerous cancers.
Numerous recent studies have explored circulating cell-free miRNAs and provided evidence that miRNAs exist in a stable form in various body fluids, such as blood, urine, saliva, and peritoneal fluid (9) . Understanding the characteristics of bladder cancer, urine is a desirable biomarker source because Cell-free microRNAs in urine as diagnostic and prognostic biomarkers of bladder cancer SEOK JOONG YUN 1 , PILDU JEONG the cancer directly contacts the urine and it is convenient to collect. However, few studies have examined the detection of urinary miRNAs as diagnostic or prognostic markers of bladder cancer (10, 11 ).
In the current study, we investigated whether cell-free miRNAs could be detected in urine samples of bladder cancer patients and healthy controls, and validated the stability of the miRNAs and the reproducibility of their detection under various conditions. Finally, we compared the expression of urinary cell-free miRNAs with clinical outcomes and assessed the value of using miRNAs as diagnostic and prognostic biomarkers of bladder cancer.
Materials and methods

Selection of putative target miRNAs.
A review of the literature was performed using the National Library of Medicine database (http://www.pub-med.gov) to extract miRNA signatures significantly associated with bladder cancer. Datasets of GSE20418 and GSE19717 were used for analysis, and a total of 21 miRNAs were selected for the current study (12) . These extracted miRNA signatures were previously reported to be significantly associated with urological cancers and were obtained by gene expression profiling or non-coding RNA profiling studies using microarrays. Based on preliminary miRNA expression analysis in urine samples, miR-145 and miR-200a were selected for the current study.
Study population and samples.
A total of 207 patients with primary urothelial carcinoma of the urinary bladder and 144 healthy controls who visited the hospital for a medical check-up were enrolled in the study. Controls were selected with similar age and gender proportions to the cancer patients, and subjects were screened to ensure that they were within the normal range of all laboratory findings and had no history of cancer. The collection and analysis of all samples was approved by the Institutional Review Board of Chungbuk National University, and written informed consent was obtained from each subject (IRB approval number 2006-01-001). Urine samples were collected in the morning and stored at 4˚C, then centrifuged at 25,000 rpm for 15 min. Each supernatant and sediment was aliquoted into Eppendorf tubes and stored at -20˚C until use. All primary tumor samples were obtained from patients who underwent TUR or radical cystectomy and were histologically verified to have urothelial carcinoma. In cases of NMIBC, patients who had a T1 tumor, multiple tumors, large tumors (>3 cm in diameter), or high grade Ta NMIBC received one cycle of intravesical treatment (BCG or mitomycin-C). Response to treatment was assessed by cystoscopy and urinary cytology. Patients who were free of disease within three months after treatment were assessed every three months for the first two years, and then every six months thereafter. In cases of MIBC, patients with clinically localized or locally advanced tumors and good ECOG performance status (0 or 1) underwent radical cystectomy and complete pelvic lymph node dissection. Patients who were not eligible for radical cystectomy due to metastatic disease, poor life expectancy, or poor ECOG performance status (≥2) underwent TUR or biopsy for histopathological diagnosis. Patients with pT3, pT4 or nodepositive disease based on the analysis of radical cystectomy specimens, or with metastatic disease but good performance status, received at least four cycles of cisplatin-based chemotherapy. Patients who refused or did not complete an imaging work-up such as a CT scan or MRI at least once every three months to evaluate their response were excluded from analysis. Tumors were staged and graded according to the 2002 TNM classification and the 1973 WHO grading system, respectively. Recurrence was defined as recurrence of primary NMIBC at a lower or the same pathological stage, and progression was defined as disease with a higher TNM stage upon relapse of NMIBC. In cases of MIBC, progression was defined as local regional recurrence or a new distant metastasis in the cystectomized group and a ≥20% increase in the mass of the primary tumor or a new distant metastasis in the non-cystectomized group.
Purification of miRNA from urine. The Genolution Urine miRNA Purification Kit (Genolution Pharmaceuticals Inc., Seoul, Korea) was used to purify urine samples. Urine sample supernatant (500 µl) was added to each tube containing Genolution proprietary miRNA separation solution and vortexed for 20 sec. Next, 200 µl of chloroform was added and the samples vortexed for 10 sec, after which they were centrifuged at 13,000 rpm for 10 min at 4˚C. A 600 µl fraction from the top aqueous phase was taken and transferred into a new 1.5-ml tube, and 0.8 ml of isopropanol was added, followed by centrifugation for 5 min at 13,000 rpm and 4˚C. After removing the aqueous solution, 1 ml of 70% ethanol was added and the sample was again centrifuged for 2 min at 13,000 rpm and 4˚C. After removing the ethanol, the pellet was dissolved in 30 µl RNase free water and stored at -80˚C until use. A fixed concentration of microRNA (5 ng/µl) from a given volume of starting urine was used as the input into the reverse transcription reaction.
Reverse transcription of miRNA. The miScript Reverse Transcription Kit (Qiagen Korea, Seoul, South Korea) was used for reverse transcription of the miRNAs. After mixing with template RNA, 5Χ miScript buffer, miScript Reverse Transcriptase mix and RNase-free water in a final volume of 20 µl, the mixture was centrifuged briefly and incubated for 60 min at 37˚C. To inactivate the miScript Reverse Transcriptase mix, the samples were incubated for 5 min at 95˚C and placed on ice.
Real-time PCR detection of miRNA.
To quantify miRNA expression, real-time PCR amplification was performed with a Rotor-Gene™ 6000. Real-time PCR assays were performed in microreaction tubes (Corbett Research, Mortlake, Australia) using the miScript PCR Starter Kit (Qiagen Korea, Seoul, Korea).
For amplification of the target miRNAs, forward primers were designed for miR-145 (5'-GTC CAG TTT TCC CAG GAA TCC CT-3') and miR-200a (5'-TAA CAC TGT CTG GTA ACG AT GT-3'). After thawing the reagents and template cDNA, the PCR reaction was carried out in a final volume of 20 µl containing 10 µl 2X QuantiTect SYBR-Green PCR Master mix, 2 µl 10X miScript Universal Primer, 2 µl 10 pmol forward primer, 2 µl template cDNA and RNase-free water. Real-time PCR conditions were: one cycle of initial activation for 15 min at 95˚C, followed by 50 cycles of 15 sec at 94˚C for denaturation, annealing for 30 sec at 55˚C and extension for 30 sec at 70˚C. The melting program was performed at 70˚C to 99˚C at a heating rate of 1˚C per 5 sec. Spectral data were captured and analyzed using Rotor-Gene Real-Time Analysis Software 6.0, Build 14. All samples were run in triplicate.
For accurate and reproducible results by real-time PCR, it is necessary to normalize the amount of target miRNA using a suitable endogenous reference RNA. This approach is known as relative quantification. In this experiment, U6 was used as a control for the normalization of real-time PCR results in miRNA quantification studies using the miScript PCR System. U6 was analyzed in parallel as an endogenous RNA reference gene and all data were normalized to U6 expression. Statistical analysis. Since miRNA expression was highly skewed despite attempted data transformation, the Kruskal-Wallis test or the Mann-Whitney U test was used to compare miRNAs levels between groups. Receiver operating characteristics (ROC) curves were used to evaluate the diagnostic performance of miR-145 and miR-200a. The prognostic value of miR-200a for recurrence was analyzed by multivariate Cox proportional hazard regression models, and the optimal cutoff point for miR-200a was determined using a ROC curve analysis that yielded the highest combined sensitivity and specificity for recurrence. The Kaplan-Meier method was used to estimate the time to recurrence, and differences were assessed using log-rank statistics. Statistical analysis was performed using SPSS 12.0 software (SPSS Inc., Chicago, IL, USA), and a p-value of <0.05 was considered statistically significant.
Results
Baseline characteristics. The baseline characteristics of enrolled patients and controls are listed in Validation of miRNAs in the supernatant urine. To investigate the stability of miRNA in the supernatant urine, urine samples from four healthy volunteers were exposed to seven cycles of freezing and thawing or were incubated at room temperature for 72 h. The levels of the miRNAs were not significantly changed in any of the experimental samples (Fig. 1) , indicating that the miRNAs in urine supernatant exist in a stable form.
Comparison of miR-145 and miR-200a in controls and
patients. The levels of miR-145 were significantly decreased in NMIBC and MIBC patients compared to controls (p<0.001). Also, MIBC patients had lower miR-145 levels than NMIBC patients (p=0.036; Fig. 2A ). The levels of miR-200a were also significantly decreased in NMIBC and MIBC patients compared to controls (p<0.001; Fig. 2B ). Subsequently, ROC curve analysis was performed to determine the capacity of miR-145 expression to distinguish the bladder cancer patients from the controls. The levels of miR-145 in the urine showed an area under the curve (AUC) of 0.729 with a sensitivity of 77.8% and a specificity of 61.1% for NMIBC and an AUC of 0.790 with a sensitivity of 84.1% and a specificity of 61.1% for MIBC ( Fig. 3A and B) . For miR-200a, the AUC was 0.638 with a sensitivity of 54.4% and a specificity of 65.7% for NMIBC and 0.679 with a sensitivity of 55.1% and a specificity of 72.7% for MIBC. Table II summarizes the association between the miRNAs and the clinicopathological parameters of bladder cancer patients. Levels of miR-145 decreased with higher grade (p=0.048). Levels of miR-200a were not associated with grade or stage of bladder cancer in a statistically-significant manner. When we compared the miRNAs to clinical outcomes, miR-200a was associated with the recurrence of NMIBC (Table III) .
Comparison of miR-145 and miR-200a in predicting the clinopathological outcome of bladder cancer.
Patients who experienced recurrence of NMIBC had lower levels of miR-200a than those who had no recurrence (11.63±3.20 vs. 12.89±2.73, p=0.043). Univariate and multivariate Cox regression analysis revealed that intravesical therapy and miR-200a were the only independent predictors of NMIBC recurrence (Table IV) . To assess the association between miR-200a and the risk of recurrence, Kaplan-Meier analysis was conducted in patients with NMIBC. A higher risk of recurrence was observed among patients with lower miR-200a levels compared to patients with higher miR-200a levels (log-rank test, p=0.040; Fig. 4 ). 
Discussion
The current study confirmed that miRNAs in urine supernatant can serve as diagnostic and prognostic biomarkers of bladder cancer. An ideal biomarker should be easily accessible by non-invasive protocols, inexpensive to quantify, specific to the disease of interest, and a reliable indicator of disease before clinical symptoms appear (9) . Recently, numerous studies have shown that miRNAs are emerging as a new class of cancer biomarkers (13) . miRNAs have been identified in all types of body fluids, including plasma, tears, saliva, peritoneal fluid and urine (9) . Of these candidate sources, urine is a particularly desirable source of biomarkers for bladder cancer. First, cell-free miRNAs in urine could be direct indicators of the urological condition. The exact mechanisms of release and the roles of cell-free circulating miRNAs are still largely unclear. Recent studies have suggested that the interaction between cells via mRNA and miRNA is accomplished by microvesicle transfer (14) . Circulating miRNAs might be released from tumor cells in microvesicles as a mechanism to communicate with Univariate Multivariate recipient cells in the surrounding microenvironment (15) . If so, there is no doubt that urine would have the highest exposure to microvesicles from cancer tissue. Interestingly, the composition and concentrations of cell-free miRNAs are different in serum and urine (9, 16, 17) , which suggests that urinary cell-free miRNAs probably originate from the urinary tract per se rather than from plasma filtrate (17) . In addition, urine is far more convenient and less invasive to collect than blood, and miRNAs exist in a stable form in urine. Even after seven cycles of freezing and thawing or 72 h at room temperature, miRNA levels in the urine were largely unchanged. The current study demonstrated that miR-145 in urine could be a marker for bladder cancer. Levels of miR-145 could distinguish bladder cancer patients from the non-cancer controls (77.8% sensitivity and 61.1% specificity for NMIBC; 84.1 and 66.1% for MIBC, respectively) and showed good correlation with grade. Although it did not have outstanding power as a single diagnostic marker, we believe its diagnostic accuracy for bladder cancer will be improved by use in combination with conventional markers such as urine cytology. miR-145 is known to function as a tumor suppressor by inducing apoptosis. The expression of exogenic miR-145 was shown to induce both caspase-mediated and caspase-independent apoptosis. The destabilization of mRNAs containing several miR-145 target sites was observed, and the direct regulation of CBFB, PPP3CA and CLINT1 has been demonstrated (18, 19) . Several studies demonstrated that miR-145 levels in cancer tissue were decreased compared to the normal bladder mucosae (20) (21) (22) , and notwithstanding the current study was conducted in urine sample, these results are in good agreement with our data.
In addition, miR-200a and intravesical chemotherapy were independent predictors of NMIBC recurrence by univariate and multivariate analysis. Kaplan-Meier analysis showed that patients with lower miR-200a in urine had a higher risk of recurrence of NMIBC than those with higher miR-200a. Several independent reports have implicated miR-200 family members in epithelial to mesenchymal transition (EMT), an important event in tumorigenesis that is associated with a decrease in E-cadherin levels, loss of cell adhesion and subsequent tumor invasion and metastasis (23) (24) (25) . Gregory et al reported that the loss of miR-200 expression leads to the accumulation of ZEB1 and ZEB2, which is sufficient to silence CDH1 and promote EMT and tumor invasion (26) . In terms of bladder cancer, a recent study suggested that EMT could play an important role in NMIBC recurrence (27) . Given the evidence, we hypothesize that higher levels of urinary miR-200a might inhibit EMT and prevent NMIBC recurrence through the silencing of various target genes. To fully understand the relationship between miR200a expression and NMIBC recurrence, further functional evaluation will be needed.
To our knowledge, the current study is the first report to evaluate urinary cell-free miRNAs as diagnostic and prognostic biomarkers of bladder cancer. Only one previous study has reported the investigation of miRNAs in urine in relation to the stage and grade of bladder cancer (10) . However, this study used the pellet obtained from centrifuged urine; thus, which miRNAs were not cell-free. Intracellular miRNAs may have distinct differences from those in urine or serum. Also, an uneven amount of cellular components, such as red blood cells, white blood cells and cancer cells, could influence the reproducibility as reliable biomarkers.
The current study indicates that cell-free miRNAs in urine offer promise as noninvasive biomarkers for diagnosing and predicting the prognosis of bladder cancer. miR-145 in urine represents a potential diagnostic biomarker for the onset of bladder cancer, while miR-200a appears to be a predictor of the recurrence of NMIBC.
